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Medical Devices 
Technical Field 

The invention relates to medical devices, such as stents and stent-grafts. 

5 

Background 

The body includes various passageways such as arteries, other blood vessels, and 
other body lumens. These passageways sometimes become occluded or weakened. For 
example, the passageways can be occluded by a tumor, restricted by plaque, or weakened by 

10 an aneurysm. When this occurs, the passageway can be reopened or reinforced, or even 
replaced, with a medical endoprosthesis. An endoprosthesis is typically a tubular member 
that is placed in a lumen in the body. Examples of endoprostheses include stents and covered 
stents, sometimes called "stent-grafts". 

An endoprosthesis can be delivered inside the body by a catheter that supports the 

15 endoprosthesis in a compacted or reduced-size form as the endoprosthesis is transported to a 
desired site. Upon reaching the site, the endoprosthesis is expanded, for example, so that it 
can contact the walls of the lumen. 

When the endoprosthesis is advanced through the body, its progress can be 
monitored, e.g., tracked, so that the endoprosthesis can be delivered properly to a target site. 

20 After the endoprosthesis is delivered to the target site, the endoprosthesis can be monitored to 
determine whether it has been placed properly and/or is functioning properly. 

One method of monitoring a medical device is magnetic resonance imaging (MRI). 
MRI is a non-invasive technique that uses a magnetic field and radio waves to image the 
body. In some MRI procedures, the patient is exposed to a magnetic field, which interacts 

25 with certain atoms, e.g., hydrogen atoms, in the patient's body. Incident radio waves are then 
directed at the patient. The incident radio waves interact with atoms in the patient's body, 
and produce characteristic return radio waves. The return radio waves are detected by a 
scanner and processed by a computer to generate an image of the body. 
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A device positioned within a patient's body is visible by MRI when the device has a 
sufficient contrast to noise ratio under MRI. For example, a sufficient contrast to noise ratio 
(e.g., greater than about 3) may allow a user to define an edge of a device. 



5 Summary 

The invention relates to medical devices. 

In one aspect, the invention features an expandable stent including a polymer wire 
extending spirally in a first direction about a longitudinal axis of the stent and a metal wire 
extending spirally in a second direction about the longitudinal axis, wherein the second 

10 direction is counter to the first direction. 

Embodiments may include one or more of the following features. The polymer wire 
forms a first angle with the longitudinal axis and the metal wires forms a second angle with 
the longitudinal axis, wherein the first angle is equal to the second angle. The first angle can 
be different than the second angle. The first angle can be less than 35 degrees. The second 

15 angle can between about 35 degrees and about 90 degrees. In certain embodiments the 
second angle can be between about 60 degrees and about 85 degrees. 

The metal wire does not form a closed loop within the expandable stent. The metal 
wire can be visible on a magnetic resonance image. The metal wire can include a shape 
memory material, such as for example, a titanium alloy. The metal wire can have an oval 

20 cross-sectional area. The stent can include a plurality of metal wires spirally extending along 
the second direction. 

The stent can include a plurality of polymer wires spirally extending along the first 
direction. The stent can also include a wire including a shape memory material spirally 
extending along the first direction. 

25 The polymer wire can be substantially parallel to the longitudinal axis. The polymer 

wire can include polyethylene, such as a high density polyethylene. The polymer wire can 
have a modulus of elasticity between about 10 GPa and about 80 GPa. The polymer wire can 
have a tensile strength of about 1.2 GPa. To increase the biocompatibility of the polymer 
wire, the polymer wire can be treated with a plasma, such as a cold oxygen plasma. The 

30 polymer wire can be coated with a plastic. 
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The stent can further include a bioabsorable material including a drug on a surface of 
the stent. The bioabsorable material can be on an outer surface of the stent. The 
bioabsorable material can be on an inner surface of the stent. 

The stent can be self expandable. 
5 In another aspect, the invention features an expandable stent including a polymer wire 

extending substantially parallel to a longitudinal axis of the stent and a metal wire extending 
substantially perpendicular to the longitudinal axis, wherein the metal wire contacts the 
polymer wire. 

Embodiments may include one or more of the following features. The metal wire can 
10 have a sinusoidal shape. The metal wire can be formed into a C shape. The metal wire can 
be visible on a magnetic resonance image. The metal wire can be formed into a ring. The 
stent can include a plurality of metal wires extending substantially perpendicular to the 
longitudinal axis. The plurality of metal wires can include a first metal wire including a first 
metal and a second metal wire including a second metal, wherein the first metal differs from 
15 the second metal. 

The polymer wire can include polyethylene, such as for example, a high density 
polyethylene. The polymer wire can include a biodegradable polymer. The polymer wire 
can further include a drug within the biodegradable polymer. To increase the 
biocompatibility of the polymer wire, the polymer wire is treated with a plasma, such as for 
20 example, a cold oxygen plasma. At least a portion of the polymer wire can be coated with a 
plastic. 

The stent can include a plurality of polymer wires, for example four polymer wires, 
six polymer wires, 8 polymer wires, or more, extending parallel to the longitudinal axis. The 
plurality of wires can include an inner wire positioned on an inner surface of the stent and an 
25 outer wire positioned on an outer surface of the stent. The inner wire can be fused to the 
outer wire. In certain embodiments, the polymer wire can include an aperture and the metal 
wire is positioned within the aperture. 

The stent can be a balloon expandable stent. 

In another aspect, the invention features an expandable stent including a polymer wire 
30 and a metal wire contacting the polymer wire, wherein the polymer wire is arrange such that 
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substantially no plastic deformation of the polymer wire occurs during expansion of the stent 
and the metal wire is arranged to axially strengthen the expandable stent. 

Embodiments may have one or more of the following features. The stent can be self 
expandable. The stent can be balloon expandable. 
5 The metal wire does not form a closed loop within the stent. The metal wire is visible 

on a magnetic resonance image. The metal wire can include titanium, such as, for example a 
titanium alloy. The metal wire can have an oval cross-sectional area. 

The polymer wire can be substantially parallel to a longitudinal axis of the stent. The 
polymer wire can include polyethylene, such as for example, a high density polyethylene. 
10 The polymer wire can include a biodegradable polymer. The polymer wire can further 

include a drug in the biodegradable polymer. The polymer wire can be treated with a plasma. 
A portion of the polymer wire can be coated with a plastic. 

In another aspect, the invention features an expandable stent including a polymer 
member extending spirally in a first direction about a longitudinal axis of the expandable 
15 stent, and a metal member extending spirally in a second direction about the longitudinal 
axis, the second direction being counter to the first direction. 

Embodiments may include one or more of the following features. The metal member 
includes a shape memory material. The polymer member forms a first angle with the 
longitudinal axis and the metal member forms a second angle with the longitudinal axis, the 
20 first angle being equal the second angle. The polymer member forms a first angle with the 
longitudinal axis and the metal member forms a second angle with the longitudinal axis, the 
first angle being different than the second angle. The polymer member is substantially 
parallel to the longitudinal axis. The metal member does not form a closed loop within the 
expandable stent. 

25 In another aspect, the invention features an expandable stent including a polymer 

member extending substantially parallel to a longitudinal axis of the expandable stent, and a 
metal member extending substantially perpendicular to the longitudinal axis, the metal 
member contacting the polymer member. 

Embodiments may include one or more of the following features. The metal member 

30 has a sinusoidal shape, a C shape, or a ring shape. The stent further includes a plurality of 
metal members extending substantially perpendicular to the longitudinal axis. The polymer 
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member includes a biodegradable polymer. The stent further includes a plurality polymer 
members extending substantially parallel to the longitudinal axis. 

In another aspect, the invention features an expandable stent including a polymer 
member and a metal member contacting the polymer member, wherein the polymer member 
is arranged such that substantially no plastic deformation of the polymer member occurs 
during expansion of the expandable stent and the metal member is arranged to axially 
strengthen the expandable stent. In embodiments, the metal member does not form a closed 
loop within the expandable stent. 

Embodiments may have one or more of the following advantages. The medical 
device can include a metal element and a polymer element that together provide relatively 
good mechanical strength and at the same time do not compromise the MRI visibility of the 
medical device. For example, the mechanical strength of the medical device including metal 
elements and polymer elements allows for expansion and/or contraction of the device without 
reducing the device's capability to reinforce a body lumen. Moreover, a medical 
professional can use MRI techniques to position and monitor the device because the metal 
elements and the polymer elements are arranged within the device so that the metal elements 
do not produce artifacts that interfere with MRI visibility. A medical device including metal 
'elements and polymer elements can be either self expanded or balloon expanded without 
losing the device's elastic properties. As a result, the medical device can be repeatedly 
expanded and contracted. As a further result, the expanded medical device maintains the 
mechanical strength required to reinforce a body lumen. 

Other aspects, features and advantages of the invention will be apparent from the 
description of the preferred embodiments and from the claims. 

Description of Drawing 

Fig. 1 is an illustration of a stent in a compacted state. 

Fig. 2 is an enlarged view of a portion of the stent of Fig. 1, at area 2-2. 

Fig. 3 is another enlarged view of a portion of a stent. 

Fig. 4 is an illustration of a stent in a compacted state. - 

Fig. 5 is an illustration of a stent in a compacted state. 

Fig. 6 is an illustration of the stent of Fig. 5 in an expanded state. 
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Fig. 7 is a perspective view of a stent. 
Fig. 8 is a perspective view of a stent. 

Fig. 9 is a cross-sectional view of the stent of Fig. 1 taken along line 9-9. 

Detailed Description 

Referring to Fig. 1, an MRI-compatible stent 10 is formed of a composite structure 
including a plurality of metal wires 24 and a plurality of electrically non-conductive polymer 
wires 26. Wires 24 and 26 are braided or woven, e.g., as described in Wallsten, U.S. Patent 
No. 4,655,771, and extend between the ends 12 and 14 of the stent to define a lumen 20. As 
shown, metal wires 24 extend spirally in a first direction about the longitudinal axis 22 of 
stent 10 (e.g., clockwise as viewed from one end down the longitudinal axis), and polymer 
wires 26 extend spirally in an opposing direction (e.g., counter-clockwise as viewed from the 
same end) about the longitudinal axis. As described below, metal wires 24 provide stent 10 
with good mechanical properties (e.g., sufficient to maintain a body lumen open), while 
allowing for visualization of material, such as blood or a stenosis, present in the lumen of the 
stent during MRI. Polymer wires 26 reduce the amount of metal wires used to form stent 10, 
thereby increasing the MRI compatibility of the stent, and can enhance the flexibility and 
strength o f the stent . 

In preferred embodiments, metal wires 24 are selected and arranged within stent 10 
such that they do not adversely affect visualization during an MRI procedure, while 
providing the stent with its mechanical properties to function properly (i.e., the stent can be 
compacted to a reduced size and subsequently expanded to support a lumen). More 
specifically, metal wires 24 are formed such that an electrical current cannot flow in a closed 
loop about stent 10. Without wishing to be bound by theory, it is believed that the presence 
of an electrical current loop can interfere with MRI and reduce visualization. 

During MRI, an incident electromagnetic field is applied to a stent. The magnetic 
environment of the stent can be constant or variable, such as when the stent moves within the 
magnetic field (e.g., from a beating heart) or when the incident magnetic field is varied. 
When there is a change in the magnetic environment of the stent, which can act as a coil or a 
solenoid, an induced electromotive force (emf) is generated, according to Faraday's Law. 
The induced emf in turn can produce an eddy current that induces a magnetic field that 
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opposes the change in magnetic field. The induced magnetic field can interact with the 
incident magnetic field to reduce (e.g., distort) the visibility of material in the lumen of the 
stent. A similar effect can be caused by a radiofrequency pulse applied during MRI. 

By forming stent 10 to include electrically conductive portions (as shown, wires 24) 
5 that cannot form a closed current loop, the occurrence of an eddy current is reduced (e.g., 
eliminated). Consequently, the occurrence of an induced magnetic field that can interact 
with the incident magnetic field is also reduced, and the visibility of material in the lumen of 
stent 10 during MRI can be enhanced. 

Polymer wires 26 also enhance the performance of stent 10. Polymer wires 26, which 

10 are electrically non-conductive, do not interfere with MRI signals. Also, by forming stent 10 
partially with polymer wires 26, the amount of metal wires 24 is reduced, thereby reducing 
the occurrence of static interference as an effect of the magnetic susceptibility of the metal 
wires. At the same time, polymer wires 26 can provide stent 10 with strength and flexibility. 
In some embodiments, polymer wires 26 are arranged such that they are not 

1 5 substantially plastically deformed during compaction and expansion of stent 1 0. Without 
wishing to be bound by theory, it is believed that as stent 10 is expanded, the majority of 
change in the stent's width and length, and thus most of the stress, occurs in the radial 
direction (e.g., perpendicular to longitudinal axis 22). By positioning polymer wires 26 to 
have a component along longitudinal axis 22, plastic deformation of polymer wires 26 can be 

20 reduced because the stress experienced by the polymer wires is proportional to their radial 
component. In certain embodiments, referring to Figs. 2 and 3, polymer wires 26 form an 
angle of about 45° or less (e.g., < 45°, 40°, 35°, 30°, 25°, 20°, 15°, 10°, 5°, 0°) with 
longitudinal axis 22 (e.g., 0°<a<45° and thus can be substantially parallel with the 
longitudinal axis 22). hi comparison, metal wires 24 can form an angle of 35° or greater 

25 (e.g., > 35°, 40°, 45°, 50°, 55°, 60°, 65°, 70°, 75°, 80°, 85°, 89°) with the longitudinal axis 
(e.g., 35°<P<90°, e.g., 60°<p<85°) and thus can be substantially perpendicular to the 
longitudinal axis 22). As a result, polymer wires 26 experience reduced stress associated 
with expansion and contraction and are therefore less likely to undergo plastic deformation. 
In addition, the stress exerted by a body lumen on an expanded stent is mainly in the radial 

30 direction. As a result, metal wires 24 counteract substantially all of the stress exerted by the 
lumen, thereby reducing the stress experienced by polymer wires 26. 
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In some embodiments, the angles that polymer wires 26 and/or metal wires 24 form 
can vary along the length of stent 10. For example, at the end portions of the stent, polymer 
wires 26 and/or metal wires 24 can form a first angle; and at the middle portion of the stent, 
the polymer wires and/or metal wires can form a second angle. The transitions of one angle 
5 to another angle can occur, for example, gradually over the length of the stent or step-wise, 
such that the stent has discrete segments of different angles form by the wire(s). The angles 
can be varied to affect the flexibility or rigidity of the stent. For example, the end portions of 
the stent can be relatively flexible to conform well with the contours of a body vessel, while 
the middle portion can be relatively rigid to support the vessel open. 

10 Other embodiments of stents having good MRI compatibility are possible. Referring 

to Fig. 4, one of the polymer wires 26 can be replaced with a metal wire as this design does 
not lead to closed conductive paths in the stent. In embodiments in which the stent is self 
expandable (e.g., metal wires include a shape memory material), the self expansion 
capabilities of the stent can be enhanced because the strength of the stent is increased by 

15 including an additional metal wire 24 that extends spirally in the counter-clockwise direction. 

In other embodiments, the MRI visibility capabilities can be enhanced by replacing 
one or more (e.g., 1, 2, 3, 4, 5, 6, 7, 8 or more) of the metal wires 24 with polymer wires 26. 
The number of metal wires that are replaced with polymer wires depends on the size and 
shape of the stent, and ultimately on the ability of the remaining metal wires to self expand 

20 the stent to an expanded state. It is believed that by reducing the total number of metal wires 
within stent 10, magnetic susceptibility disturbances generated by the stent in an MRI 
decrease, while the contrast to noise ratio increases to provide increased MRI visibility. 

In other embodiments, referring to Figs. 5 and 6, the one or more polymer wires 26 
can extend substantially parallel to longitudinal axis 22 (e.g., a = 0°) and the one or more 

25 metal wires can extend substantially perpendicular to longitudinal axis 22 (e.g., P = 90°). 

Since polymer wire(s) have a limited (e.g., substantially none) radial component, the polymer 
wire(s) undergo little plastic deformation during compaction and expansion of the stent. 
Conversely, metal wire(s) 24 have a large radial component to provide the stent with 
sufficient mechanical properties to support a body lumen. At least one of the metal wires 24 

30 can have a sinusoidal shape, so as to provide additional surface contact between an expanded 
stent 10 and a patient's body lumen, hi the embodiments shown in Figs. 5-8, one or more 
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polymer wires 26 (e.g., 1, 2, 3, 4, 5, 6, 7, 8 or more) hold the metal wires 24 together. For 
example, a mechanical connection between the polymer wires 26 and the metal wires 24 can 
be created by inserting the metal wires 26 through holes punched into the polymer wires 26. - 
The mechanical connection can also be created by replacing each polymer wire 26 with two 
5 polymer wire strips, one in contact with the outer surface 16 and one in contact with the inner 
surface 18, and fusing the polymer wire strips together to encapsulate a portion of each metal 
wire 26. 

As shown in Figs. 7 and 8, each metal wire 24 can be formed in a "C" shape (Fig. 7) 
or in a ring shape (Fig. 8). Stents, such as stent 10', which include "C" shaped metal wires 

10 (i.e., metal wires 24 do not create a continuously conductive circuit in a plane perpendicular 
to longitudinal axis 22) do not interfere with MRI visualization as described above. 
However, stents 10" that include ring shaped metal wires, such as the stent shown in Fig. 8, 
may interfere with MRI visualization, but may be useful when view or monitored using 
fluoroscopic techniques. Accordingly, in some embodiments, the rings are formed of a metal 

15 (e.g., gold, silver, platinum) visible under fluoroscopy so that stent 10" can be visualized 
within a patient's body during delivery and placement. In certain embodiments, stent 10" 
includes one or more metal rings formed of a first material and one or more metal rings 
formed of a second material. For example, the metal wires labeled 24a and 24f in Fig. 8 can 
be formed of a metal that is more radio-opaque (creates a greater contrast under fluoroscopy) 

20 than the metal forming wires 24b, 24c, 24d and 24e. Additionally, adjacent rings can be 
formed of a material having a different radiopacity. For example, wires 24a, 24c, and 24e 
can be formed of a metal having a first radiopacity, and wires 24b, 24d, and 24f can be 
formed of a material having a second radiopacity. 

The stents described above can be self- expanding, balloon expanding, or a 

25 combination of both (U.S. Patent No. 5,366,504), depending on the materials used. For 

balloon expandable stents, metal wires can include an elastic material that maintains its shape 
once plastically deformed. Examples of elastic materials include titanium, titanium alloys, 
tantalum, niobium, Co-Cr alloys, and alloys described in USSN 10/1 12,391 filed on March 
28, 2002. 

30 For self expandable stents, metal wires can include a shape memory material that 

expands and/or contracts as a result of a phase change. Examples of suitable shape memory 
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materials include titanium alloys, such as for example a nickel titanium alloy (e.g., Nitinol), 
copper aluminum alloys, such as for example Cu-Zn-Al, Cu-Al-Ni, and Cu-Al, Fe-Mn-Si, 
Au-Ca, and Ni 50 Mn3oGa2o (Ni5oMn 30 Ga2o wires prepared from DC magnetron sputtered 
Ni 50 Mn3oGa 2 o films that have been annealed on a glass plate). Typically, elastic and shape 
5 memory materials are flexible materials (e.g., modulus of elasticity is less than about 90 
GPa) that have sufficient mechanical strength (e.g., ultimate tensile strength greater than 1 
GPa) to reinforce a body lumen even after plastic deformation and/or a phase change. 

Metal wires can be molded or laser cut from a solid tube of material to have a spiral 
shape. The metal wires can have a cross-sectional area of about 2.5 x 10° cm 2 to about 2.5 x 
•10 10" 3 cm 2 . In certain embodiments, it is preferable to use a wire that has an oval cross- 
sectional shape so that the long diameter of the oval can be aligned with (i.e., substantially 
parallel to) the circumference of stent 10, as shown in Fig. 9. By aligning the long diameter 
with the circumference, the radial expansion force of the stent with respect to the amount of 
metal material used in stent 10 is increased (e.g., maximized). While an oval cross-sectional 

15 shape is preferable, metal wires 24 can have other cross-sectional shapes such as, for 

example, regularly or irregularly polygonal having three or more (e.g., 4, 5, 6, 7, 8 or more) 
sides, such as rectangular, square, circular, and triangular. Wires of di fferent cross sections 
can be used in a stent. 

Polymer wires used in either self expanding or balloon expanding stents include 

20 flexible and strong polymers that have suitable material properties to aid in body lumen 

reinforcement and at the same time also have material properties that do not compromise the 
MRI compatibility of the stent. Some examples of polymers include polyethylene, 
polyimide, polyamide, polycarbonate, polyetheretherketone, and polyethylene terephthalate. 
In certain embodiments, polymer wires 26 are formed of a highly oriented polymer 

25 material, such as polyethylene (e.g., a high density polyethylene (HDPE) material formed 
using a solid-state extrusion process). The HDPE polymer can have an average molecular 
weight (M w ) of about 400,000 g/mol, and a molecular weight distribution (i.e., 
polydispersity) of about 3 to 7, for example, a polydispersity of about 5. The polymer can 
have a high molecular weight tail (e.g., 0-10% content of greater than about 1,000,000) to 

30 ensure the formation of extended chain crystals. A minimal amount (<0. 1 %) of low 

molecular weight (e.g., 4000 g/mol or less) fraction is preferred to prevent the premature 
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onset of relaxation processes in the melt and to ensure force transfer during extrusion of the 
melt through a die. Low molecular weight fractions can be removed by extraction in an 
appropriate solvent (e.g., hexane) to increase the tensile module of the resulting fiber. 
Examples of HDPEs are commercially available from, e.g., BASELL (BASF) Corporation 
5 under the trade designation LUPULEN 52ZHI; Chevron Philips Corporation under the trade 
designation MARLEX TR-751; and Solvay Corporation under the trade designations 
RIGIDEX HM5420 XPH, AH 5493, and BH 5363. 

A polymer wire can be prepared, for example, by extrusion. The cross-section of the 
polymer wire can be as described above for the metal wire. The polymer can be extruded to 

10 form relatively stiff fibers having the requisite mechanical properties (e.g., Young's modulus 
(E) of greater than about 10 GPa and a tensile strength of greater than about 1 GPa). HDPE 
fibers can be prepared by solid-state extrusion of melt crystallized spherulitic polyethylene or 
by drawing solution crystallized gel films (e.g., performed by DSM (Heeiien, The 
Netherlands) as a process marketed as the Dyneema® Process). An alternative process 

15 involves melt deformation of HDPE under controlled conditions to obtain highly oriented 
fibers. The process involves chain extension of the high molecular weight fraction of HDPE 
having a linear macromolecular structure during flow just above the solidification 
temperature, followed by crystallization (e.g., of a high molecular weight fraction) and by co- 
crystallization e.g., of a low molecular weight fraction) of the remaining material. The 

20 polymer can be extruded at a temperature close to the crystallization temperature (e.g., a self- 
blocking temperature, which can be indicated by an extrusion pressure rise, e.g., upward 
from about 3500 psi) and at a strain rate of about 1000 s" 1 to solidify the deformed 
macromolecules before relaxation occurs. In some cases, crystallization occurs from about 
Tg+30 to about T m -10 (e.g., from about 135 to about 160°C). Such processing conditions can 

25 create an elongated, interlocking morphology that displays exceptional mechanical properties 
(e.g., a Young's modulus (E) of between about 10-80 GPa and a tensile strength of about 1.2 
GPa). The fibrils can make up about 5% of the extruded material and can have a diameter of 
between about 5-25 run with an aspect ratio of about 200-600. The bulk material can be 
characterized as a lamellar overgrowth chain direction like in the fibrils. An example of an 
' 30 extrusion apparatus is a mini-extruder (Axxon BX 12, D=12.5 mm, L/D=26) with a suitably 
designed die (e.g., opening angle 45°, 1mm, 1/d 25). The extrusion head can be equipped 
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with a pressure transducer and a thermocouple to control pressure and temperature during 
extrusion. Additional information regarding HDPEs is described in Bashir, Z., et al., J. Mat. 
Science , 19 (1984), 3713; and Bashir, Z., et al., J. Mat. Science , 19 (1986), 3993. 

In some embodiments, the polymer wires 26 are extruded to have a preformed spiral 
5 shape. In other embodiments, the polymer wires 26 are molded at a temperature at or below 
their melting temperature to form the spiral shape. 

In some embodiments, the HDPE fibers can be treated with a cold oxygen plasma to 
increase the biocompatibility of the fibers. Generally, by treating HDPE with a cold oxygen 
plasma, the hydrophylicity of the surface of the HDPE fibers increases, which results in 

10 increased biocompatibility. However, in order to minimize the likelihood of destruction of 
the interlocking morphology, and thus compromise the mechanical properties of the fibers, 
the cold oxygen plasma treatment preferably occurs at a temperature at or below the melting 
temperature of HDPE. An example of a suitable cold oxygen plasma technique with the 
required low temperature is a downstream microwave plasma technique. As the life 

15 expectancy of a plasma treated surface is only limited, it is preferable to provide a coating, 
such as for example a plastic coating (e.g., styrene-isobutylene-styrene and poly glycerol 
sebacate), on top of the plasma treated surface. 

In some embodiments, the polymer wires 26 are formed of a biodegradable polymer 
material, such as for example, poly (L-lactid acid) that disintegrates over a period of time 

20 within the patient's body. Preferably the biodegradable polymer material does not 

disintegrate until at least a portion of the metal wires 24 are affixed to the patient's body 
lumen by tissue growth. The biodegradable polymer can include drugs, such as therapeutic 
agents or pharmaceutical^ active compounds that are released upon disintegration of the 
polymer wires. Examples of therapeutic agents and pharmaceutically active compounds 

25 include anti-thrombogenic agents, antioxidants, anti-inflammatory agents, anesthetic agents, 
anti-coagulants, and antibiotics. Other examples suitable therapeutic agents and 
pharmaceutically active compounds are described in U.S. Patent No. 5,674,242, commonly 
assigned U.S.S.N. 09/895,415, filed July 2, 2001, and U.S. S.N 10/112,391, filed March 28, 
2002. 
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In other embodiments, stent 10 can include and/or be attached to a biocompatible, 
non-porous or semi-porous polymer matrix made of polytetrafluoroethylene (PTFE), 
expanded PTFE, polyethylene, urethane, or polypropylene. 

In some embodiments, the polymer wires 26 can be coated and/or treated with an 
5 anti-coagulant, such as for example heparin, to increase the biocompatibility of stent 10, 10\ 
and 10". Examples of methods of applying heparin to polymer surfaces are described in 
Labarre, Trends. Biomater. Artif Organs, 15(1) (2001), 1, and Bae et al., Biomaterials , 20 
(1999), 529. 

In some embodiments, stents 10, 10' and 10" can include a bioabsorable material that 
10 includes a therapeutic agent and/or a pharmaceutically active compound disposed within the 
bioabsorable material. An example of a bioabsorable material including therapeutic agents is 
a polyelectrolyte (LBL) coating including layers of chitosan and heparin. The bioabsorable 
material can be positioned on outer surface 16 and/or inner surface 18 to treat the patient's 
body lumen. 

15 Stents 10, 10' and 10" can be of any desired shape and size (e.g., coronary stents, 

aortic stents, peripheral stents, gastrointestinal stents, urology stents, and neurology stents). 
Depending on the application, stents 10, 10' and 10" can have a diameter of between, for 
example, 1 mm to 46 mm. hi certain embodiments, a coronary stent can have an expanded 
diameter of from about 2 mm to about 6 mm. In some embodiments, a peripheral stent can 

20 have an expanded diameter of from about 5 mm to about 24 mm. In certain embodiments, a 
gastrointestinal and/or urology stent can have an expanded diameter of from about 6 mm to 
about 30 mm. In some embodiments, a neurology stent can have an expanded diameter of 
from about 1 mm to about 12 mm. An abdominal aortic aneurysm (AAA) stent and a 
thoracic aortic aneurysm (TAA) stent can have a diameter from about 20 mm to about 46 

25 mm. 

Stents 10, 10' and 10" can be used, e.g., delivered and expanded, using a balloon 
catheter system. Suitable catheter systems are described in, for example, Wang U.S. 
5,195,969, and Hamlin U.S. 5,270,086. Suitable stent delivery are also exemplified by the 
Ranger® system, available from Boston Scientific Scimed, Maple Grove, MN. 
30 All of the features disclosed herein may be combined in any combination. Each 

feature disclosed may be replaced by an alternative feature serving the same, equivalent, or 
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similar purpose. Thus, unless expressly stated otherwise, each feature disclosed is only an 
example of a generic series of equivalent or similar features. 

All publications, applications, and patents referred to in this application are herein 
incorporated by reference to the same extent as if each individual publication or patent was 
5 specifically and individually indicated to be incorporated by reference in their entirety. 

Other embodiments are within the claims. 
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